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Several authors observed that the presence of carbon in the plasma
increases the signal for As, Se, Be, P, and Te, both in ICP-AES1 and ICP-
MS2,3, which has been explained by the authors by a charge transfer
mechanism between positively charged carbon species and analyte atoms
in the central channel of the plasma. The aim of the present study is a
further investigation of carbon related matrix effects in ICP-AES. To this
end, the effect of some experimental conditions (matrix type, sample
uptake rate, nebulizer gas flow rate and type of sample introduction
system) on the behaviour of atomic and ionic emission lines of a total of 15
elements, covering a wide range of energy sum values, Esum (i.e. sum of
the ionization and excitation energy), has been studied in ICP-AES.
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Optima 3000 DV Optima 4300$
Plasma forward power/ W 1450 1450
Argon flow rate/ L min-1:
Plasma 15 15
Auxiliary 0.5 0.2
Nebulizer 0.5-0.7 0.6
Sample uptake rate/ mL min-1 0.3-1.5 0.1-0.4
Sample introduction:
Neb li er Cross flo High efficienc neb li er (HEN)
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Table I. ICP-AES operating conditions
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Fig 3. Volume drop size distribution of the primary and tertiary aerosol obtained
for aqueous and glycerol solutions. Matrix: Carbon 20 g L-1 and nitric acid
0.015M. Ql 1 mL min-1; Qg 0.7 L min-1.
(Stot, Wtot)water=(Stot, Wtot)carbon
Fig 1. Relation between the energy sum and Irel values, defined as the intensity obtained with a
carbon containing solution relative to an aqueous solution without carbon, for different organic
matrix composition. No matrix effects: Irel=1.00±0.04. Carbon concentration: 20 g L-1 and nitric
acid 0.015M. Ql 1 mL min-1; Qg 0.7 L min-1.
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Table 2. Irel values and energy levels of Se and As atomic lines 
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INFLUENCE OF THE OPERATING CONDITIONS
Fig 2. Influence of the carbon concentration on the Irel values for different type of lines.No
matrix effects: Irel=1.00±0.04. Matrix: Glycerol (Carbon 20 g L-1) and nitric acid 0.015M. Ql
1 mL min-1; Qg 0.7 L min-1.
C+ + As ⇒ C + (As+)*⇒(As)*⇒As + hυ
Table3. Influence of the Qg on the Irel values of different type of lines. No matrix
effects: Irel=1.00±0.04. Matrix: Glycerol (Carbon 20 g L-1) and nitric acid 0.015M.
Ql 1 mL min-1.
$ Instrument employed for studies of the sample introduction system (Fig. 6 & Table 4) CHARGE TRANSFER C+/ANALYTE1
C+ + Se ⇒ C + (Se+)*⇒(Se)*⇒Se + hυ
level/eV level/eV
Se (I) 196.026 6.32 0.00 6.32 1.08±0.03 1.25±0.03
Se (I) 203.985 6.32 0.00 6.32 1.06±0.03 1.21±0.03
As (I) 193.696 6.29 0.00 6.29 0.99±0.03 1.06±0.03
As (I) 197.197 6.40 0.00 6.40 0.99±0.03 1.07±0.03
As (I) 188.979 6.56 1.31 7.87 1.02±0.03 1.12±0.03
Carbon ionization energy (C+): 11.26 eV
INFLUENCE OF THE CARBON SOURCE
Citric acid vs glycerol solutions
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Se 1.02±0.02 1.05±0.03 1.08±0.03
As 0.96±0.04 0.98±0.03 1.00±0.03
Atomic 0.91±0.03 0.89±0.03 0.87±0.04
Ionic 0.97±0.02 0.96±0.04 0.94±0.03
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ANALYSIS OF  CERTIFIED MATERIAL
Fig 4. Influence of Ql on the Irel values for different type of lines. No
matrix effects: Irel=1.00±0.04. Matrix: Glycerol (Carbon 20 g L-1) and
nitric acid 0.015M. Ql 1 mL min-1; Qg 0.7 L min-1.
Table 5. Results of Se-enriched certified yeast analysis using pure aqueous and 15 g·L-1 carbon containing standards with
and without internal standarization, and certified analyte concentrations values. Internal standard: Ar (λ: 420.069 nm).
Carbon source: Glycerol. Nitric acid 7 M. Ql 1 mL min-1; Qg 0.7 L min-1.
INFLUENCE OF THE SAMPLE  INTRODUCTION SYSTEM
Table 4. Influence of the spray chamber temperature on the Irel values for different
type of emission lines with a HEN. No matrix effects: Irel=1.00±0.04. Matrix:
Glycerol (Carbon 20 g L-1) and nitric acid 0.015M. Optima 4300. Cinnabar spray
Fig 5. Influence of the nitric acid concentration on the Irel values for
different type of lines. No matrix effects: Irel=1.00±0.04. Matrix:
Glycerol (Carbon 20 g L-1). Ql 1 mL min-1; Qg 0.7 L min-1
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Se (I)$ 2490±80 2560±80 1950±60 2059±64
Se (I)# 2400±100 2500±100 1900±100 2059±64
Mg (I) 1770±70 1920±70 1960±80 ⎯
Mg (II) 1600±100 1700±100 1700±100 ⎯
Mn (II) 7.0±0.4 8.0±0.4 8.0±0.5 ⎯
Al (I) 30±2 36±3 40±3 ⎯
Ca (I) 920±100 1000±100 1200±100 ⎯
Ca (II) 1020±60 1140±60 1120±70 ⎯
K (I) 15000±1600 18000±2000 20000±2000 ⎯
Fe (II) 58±2 80±3 64±2 ⎯
Zn (I) 200±10 270±10 250±10 ⎯
Zn (II) 240±10 270±10 260±10 ⎯
CONCLUSIONS
Emission lines Temperature
25ºC 35ºC 45ºC
Se 1.08±0.03 1.17±0.03 1.15±0.04
As 1.02±0.03 1.10±0.03 1.09±0.04
Atomic 0.93±0.03 0.95±0.03 0.94±0.03
Ionic 0.98±0.04 1.00±0.02 0.97±0.03
Fig 6. Influence of Ql on the Irel values for different type of lines with a
HEN.No matrix effects: Irel=1.00±0.04. Matrix: Glycerol (Carbon 20 g
L-1) and nitric acid 0.015M. Optima 4300. Cyclonic spray chamber. Qg
0.6 L min-1.
chamber. Ql 0.4 mL min-1; Qg 0.6 L min-1.
$ 196.026nm   # 203.985nm@Carbon content in the certified material was evaluated by measuring carbon line at 193.030 nm
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Carbon matrix effects depends on the operating conditions, sample introduction characteristics and solution pH. The higher
the aerosol transport to the plasma, the higher interference effect is obtained. No effect of carbon source nature on matrix
effects is observed. Matrix effects are mitigated using a Cinnabar cyclonic spray chamber.
Emission intensity of atomic lines is affected by carbon presence. Emission intensity of atomic lines with Esum values
higher than 6 eV (i.e. As & Se) are enhanced up to 30% whereas lines with Esum lower than this value were depressed up
to 15% due to carbon presence. Emission intensity of ionic lines is not affected by carbon.
A careful control of carbon concentration in the standards is required when biological samples are analyzed using atomic
lines.
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Carbon-related matrix effects seems to be related to changes in line excitation/ionization mechanisms. Carbon presence
does not modify aerosol characteristics and transport and plasma energy respect the behaviour obtained for pure aqueous
solutions.
